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Liquefaction Potentiai of the
\ Sacramento-San Joaquin Delta

by
Michael O. Finch!

. | ABSTRACT

This gectechnical sludy aszessed tha potential for liquetacton along the Sacramento-San Joaquin Dalia
fevee system, which holds back salt waler from San Franeisen Bay th the wast A eatasfrophin faifira of this
syatem snuld pollute tha Delta's frash water upon which much of Califernia depends. Since 1850, oxidation of
tha Delta’s peat soils has caused subsidence on over 740,000 acres. Today, Delia elevations range as low as.
25 foet below sea level and continue to aink at average rates of up o three inches per vear. Delta levees also
experienced record high water levels five times in the last ten years.

Several sdqueducts and canals divert much of the Delta's fresh water to surrounding regions, and provide.
' watzy fo two thirde of California’e pepulation and one quarter of itz land area.

} Several major active faults pass near or through the Sacramento-San Joaquin Dalta, The Dalta has not ex-

| perienced savere sgismic shaking since the great 1806 San Franciscoe earthguake, howaver, recent moderate
i earthquakes have produced non-catastrophie Delta leves gamage.

This study found liquedtable sand to be widespread beneath the levee systems on most of the 70 major Delta
islands, The susceptibility of the Delta levees 10 earthquake-induced liguefaction is high. Because of the high
probability of large earthquakes in the Bay region in the coming decades, the potential for fiquefaction here
also is high. Therefare, the risk of calastrophic levee fallure caused by earthquake-induced liquefaction and

the resigting loss of the Delta’s freshwater resourcs, is high. Unless it is mitigated, thie risk will increase with
continued Delia subsidence and global sea levei rise.

et et o e .+

INTRODUGTION

The Sacramento-San Joaquin Delia is located ar the
confiuence of the Sacramento and San Joaquin rivers,
mmediately upstream from the San Francisco Bay system.
Nearly one-halt of Calitorma’s tota) niver volume passes
through the belta {U.%, Army Corps of kingineers, 1982).
Starting in 1940, part of this flow was diverted for munici-
pal and agricultural use. At present, six major aqueducts and
canals deliver Delta water as far south as the Mexican
border and as far west us San Francisco. Nearly 90 public
agencies, serving over two-thirds of California’s population
and more than one-quarter of its lapd area, contract for Delta
water {McClurg and others, 1978), '

This freshiwater resousce has a seismic risk that includes:
(1) she potential earthquake damage to the Delia’s levee
system and consequent polivtion of freshwater supplies by
intruding salt water trom the Bay; and {2) sarthquake
damage 10 the aqueducts that transport this freshwater to
much of the state’s population. This paper addresses the
potential for earthquake -caused damage to the Delta’s levee
system, .

HISTORY OF DELTA DEVELOPMENT

Bafore 1850 the Delta was a tideland swamp with low
tule covered islands that were just awash at high tide
{Thompson, 1982). With the passage of the Arkansas
Swamp Act 1n 1830, the Federal Government granted 10 the
states all swamp and tidelands that could be drained and
reclaimed. The California Legistature passed the Ureen Act’
in 1868, which rernoved all controls on the reclamation
process, and widespread reclamation began in the Delta.
Private citizens pained title to unreclaimed land by paying a
small filing fee (usually one doliar per acre) and building
{ow levees around the area to hold back tidal waters. After
the land dried, landowners siripped the islands of theiy
native vegetation, usually by buraing. Up to twa feet of
peat soil wete fost in a single burning.

The islapds were inteasively farmed for cash crops that
included potatoes and white asparagus requiting locse, well
tilled souls, Delta soils are also low in potassium, and
farmers often burned the peat to increase soil nutrents,
These farming practices led to subsidence due to oxidation,
dewatering, and deflation. Subsidence continues today in
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Figure 1, Sacramento-San Jeaquin Delta earthquakes damege sites, Badhquako damage areas numbered 1-18 porrenond 10 wites
numberad In Table 1.
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iatle 1. kanhquake relaled damage, Sacramento-San Joaquin Defla, ’

Site  Epicenter Date  Magni- Delalsland  Distance to Aprox.* Damage

. fude or Tract Fault Rupture ‘max
it miley
1 Wintars- 4.40.04 8.2 Wenar Tr f0 noA Cracks snd slip.ootat
Vaccavile 4-21-98 e.4

4 SanFrancisco  4-18-06 83 Webist T1, 70 R 1-] Craoks andg slip-outs™

3 Pitisburg 10-24-55 9.0 Lower Jones I, 20 0.05 100I-foot long cracky along levee
ertewts naar Lo some trees,

4 Loyote - by Mangaville is. g5 0.03 A 500-fuot setion of ihe Jeves
moved landward several feat. It was
noticerd independently by two paople.

‘ First saan minutes after the quake.
5 Livarmers 1-24.80 5O Bacon ls. o0 0.10 A 2R0-font land.side siip-nat drapped
‘ several fzet. Stted in Kearneay, 1980,

8 Livermers 1-24-80 1) Fmplra Tr en 010 A 200-foot land-side slip-out dropped
8 inches. Reparted by local resident
and DWR employee.

7 Coalinga 5-2-83 87 Webb Tr. 180 0.0 A 500-feot long crack opened along
levee crown up {0 § feot wide, Five
slip-uuly, Bullduzes tutied off levee.
Saveral eyowitnosses at time of
muake. | evae neary falled arcording

‘ . to foraman present.
8 Coalinga 5.2.83 87 Wahh Tr 150 0.01 The “Garratt Well' an abandoned
: anesian well, nd the site of
seepage for years stoppad flowing
afier the earthquake.
9 Coalinga 5-2.63 6.7 Venice s, 150 o.M A 500-foot long crack opened aiong
: lever loe dnd dropped e several
inchee to ovor & feet. Damage
‘ _ noticed minutes aiter earthquake.
10 Coslinga B-0.88 8.7 Yanice lo, 150 0.01  An area of perslstent seapage fer
‘ many years stoppad after tha quake,

11 CGoalinga E283 87 Vonico le. 150 0.01 Soveral cracks apened » oné was 400
faet Iong and had water pouririg out.

12 Goalinga 5.2.83 8.7 Venice g, 150 om A XX ot long crack ran atang

tha tevee toe. It was several nches
10 3 feet wide.
18 Ceslinga 5-2-83 6.7 Verice is. 150 0.01 At this site 14 woodsn pilings popped
' up in & field that had been mowed
the day before. The pilings were
the foundations of an abandoned
" horge bam,

te Godlinga 5-2-83 8.7 King Is. 150 .01 The concrete floor of & shad cracked

for 25 feet and settied 8 inchos

13 Piltsburg 8-5-83 4.8 Webi Tr. i5 0,02 Several minor crocks weto peticod

: : at the Caalinga damage aile 7.

These cracks wara at right angles (o
those produced by the Coalinga
event,

16 Morgan Hill 4-24-84 6.2 Webb Tr, . 60 0.05 Six parallel cracks one inch wide
and 75 teet long were notced

. thinules after tha adrthquakfe.
17 Morgan Hil 2-24-84 62 Webb Tr. 80 0.08 A 25-toot tong ong inch wide crack.
18 Morgan Hill 4-24-84 6.2 Yenice is. &0 0.05 A pre-existing 25-fect jong crack

lengmened 75 taet aluny Hw lvves

and the lund sido dropped 2 inches.
Site inapacted before and after the

earthquake by DWR employees.

* Maximurn Anestaration in g's

* from 4 letter wiilten by Weber's enginaer in cl9l4
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the Delte, mostly as & result of oxidation, at rates of ip to
4.6 laches per year with an average loss of 3.0 inches per
year in the conteal Delta (Mesvmarch, 1980). Over 7404000
sutes of the Delta bave sunk since 1830 requiring the
construction uf nearly 1000 miles of lovess. Présently ovar
200,000 acres of (e Delta measurs below sea Jevel with
elevations as low a5 minus 25 feel (Rote, 1982). Landown-

. e vaised levees as the land saok and tday some vxeced 30
feet in height (U.8. Army Corps of Engineers, 1984). Tidal
surges and high river flows led to record high water levels in
the Delta five times in the last ten years: 1982, twice In .
1983, and twice in 1986, Studics of modern changgs in
globa) sea level indicate that the Delta levees are facing a
rise in sca level of 4 to 5 inches per decade {lehams,
1985).

HYDROLOGY OF THE BELTA

The Delta is hydrologically complex. Several major rivers
~ including the Sacramento, San-joaquin, Calaveras,
Consnmnes, and Mokelumne, join to form a single channel
at Chipps Isiand. Prior to California’s water development,
the Delta was predominately a freshwater swamg, but
during periods of low river flow in the summer, salt water
backed np into Suisun Bay and inlo the Delta (Jackson and
Paterson, 1477). This consequence was pronoutced in low
rainfall years. The worst case of docurnented salt water
intrusion occurred in Seplemher, 1931, when concenirations
of 1000 ppm chloride rexched as far north 45 Freeport and as
far touth as Tracy.

The recognition of the Delta as a “commen pool” for
water users Jed (o the realization of its vulnerability to salt
water intrusion. In June, 1972, a sudden levee taifure on
Brannan-Andrus Island drew up salt water from Suisun Bay
ito the Delta, Some 300,000 acre-feet of freshwater was
released from upstream dams in a vain attempl to control the
salinity intruston and 53,000 tons of additiona] salts were
pumped from the Delta into export canals (Jackson and
Paterson, 1977). In a 1982 report to the California Legisia-
ture, the Fmergency Delta Task Force identified levees as
erucial for maintaining Delta water quality, Without the
integrity of its lavee aystem, the Delta will eventually flood
end transform inlo 2 shallow, inland, saline bay {Rote,
1082).

FAULTING NEAR THE DELTA

Several active fuulis will damaging earthquake potential
pass through oF nesr the Delta. Tl wore prominent faylta
include: (1) the Antioch fault; (2} Calaveras Gault; (3) Green
Valley or Concord faults; (4) Greenvific faufy; (5) Hayward
fault; (6) Rodgers Creek fault; {7) Sierran Block Boundary
Zone (or Winters-Vacaville) fault; and (8) San Andreas
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fault. The Hayward, Rodgets Creek, and San Andreas fauls,
alonc, are reported to have a 67% probability of generating
at least ane magnitude 7 earthquake before the year 2020
(WGCEP, 1990).

Other faults such as the San Gregociu (Seal Cove) fault,
and the Foothills (Bear Mouniain) fault sysierm, may inflict
lesser degrees of damage to the Delta because of their
greater distance. "The Rio Vista-Sherman island fault,
Midland fault, and Tracy-Stockton fault do not appear tobe.
active (Newmarch, 1985).

EARTHQUAKE-INDUCED LEVEE DAMAGE

Earthquakes are not known to have caused catastrephic
Deltz levee failures. The Delta, however, has expericnced
only limited seismic haking since the first Jevess were
constructed in 1850. The great San Francisco earthquake of
1906 shiouk the Dedta more severely than any other since
reclamativn began. Only limited damage ocoursed then
beeause subsideuce had not yet beeome a major problem for
levee stability. Alsv, because Delta clovations in 1906
measured signifiviatly higher than today (from soa level ta
apgroximately five foot below sea lovel), fow loveos
excecded five feet in helght. However, weny Delta bridges
and railroad embankments sank 10 some extent voincident
with the 1906 carthquake (Kearney, 1980).

Finch (1985) published the first compilation of damage to
Dolta levees froim weak and distant easthquakes. Fighteen
examples of earthquake damage are now documented (Table
1 and Figure 1). Estimates of on.site peak accelevations at
theae sites suggest seismic amplification from the Delta’s
saturated, unconsolidated sediments (Finch, 1987). Eight of
the twélve most recently damaged sites listed on Table | are
underlain by Jow density, patentially liqueliable eands: site
numbers 7, 9, 11, 12, 15, 16, 17, and 18, Sandy, saturated
sediments are particularly susceptible to liquefaction during
eartiquakes,

SEISMIC ANALYSIS OF DELTA LEVEES

Over the tast ten years the use of sand in repairs of Delta
levees became a common practice. Suction dredges place
loose sands on levee crowns, backslopes, and toes. Levee
breaks are also repaired with foose sand. In 1985, the author
sampled through sandy lfevee scctions on 39 of the 70 major
Deitz islands with a 10-foot hand auger. The test holes
revealed uniform, medium-grained sands with low relative
densities and low standard penetration blow counts (Table
2). Saturated ronditions were present in all of the borings.
These findings togrther indicate a high susceptibility to

wideepread ezrthquake-induced tavee failure from a major ‘

carthquake centeted in or near the Delta,
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& Table & Tabulalivn of liqusfaction potential date: 8 j i ; i
i blow coums inaicating ngn Susuel-ltﬁ;bl}‘i(y (0 Iigu:faUSSf:};‘;zZiZ,\’SIZCt'MS on Delia islends with fok relative danstigs and
3‘ Deita lSland/T ract Relative Deﬂf’:ity Standard Blow count
‘ g Adats - 9 2t 0.4 fost ,
i Buacuil .- DB% at 6.2 feet % at & 0 faet !
$ Bithel «remrememmemaas R — 16% at 7 0 fant e at 7.9 faat !
& Bishop -~ - e @ 81 9.4 fo0t N
3 Boldin 38% at 6.0 feet 10 at 9 feet i
3 Brack ~ & at 5.0 fest ¢
;1 Bradiore 20% &t 7.1 feet A3t 17 feet ;
3 Brannan-Andrus .13% at 8.0 feet 2at 7.0 feat .
i Byrnn 30% at 7.0 feet . 5a6.07eet
i, Cianat Ranch ~--.- e 8t 15 feat '
b Gonay : . : & at 12 fect ;
3 Drexlet ; 9 at 15 feet
Y Eqbert ; 13% at 17.3 fost '
A Empire : . 431 6.0 Teet
A Fabian -5 38,0 fuel ‘
3 Grand - 32% at 8.0 teat 4ul 23 feet
1} Hastings 5 at 5.0 fest :
i/ Holland : 14% at 6.5 feet 4 21 45 foet
2 Hotohkiss ~ve 13% &t .0 feet 5et5 §foct
;.“E Jorgey B% at 4.5 feet 3 at 16 foat
Jones: Upper-LowWer asmemmmme ... senmeen 15% b 7.0 Teet ' 1at7.5 feat
‘&k King . E— S £\ ] YY)
¢ Libarty 0% at 4.0 foct S LS 1 3 A o R T
b Mardeviliy 0% at 4.6 feet : Jat 15 feet
MeCormack-William. ~--em-ee . . : §at 7.0 {est
Mobionald ve-n- - rmeeeemecmenieee e 30% 8t A f0E u Bat 17 foet
Hadforg 3at7.0 st
RMorritt 4 at 18 {est
Mow Hope 7 at 5.0 feet
Orwond ‘ 27% at 6.5 fea! --- 4 at 7.1 fest
Pl wsses : 35% at 7. feet 4 at 23 feel
Pigrson 2 at 20 feet
Prospect 239 at §.7 fest 3atss feet
Quimby 5at 18 test
Rindge ~-- : 2 a1 16 feet
Rio Blarico ; 7 a8, luwt
Roberts: Up/Mid/Low «weme-ms rage e 34% at 5.0 feet % ul 7.0 feet
Ryer = 30% at 7. feet 3 at 27 fect
Sargent-Barnhart 4 at 10 feet
Sherman = 19% at 6.8 [eY - 4 at 7.0 foct
Shima -wame A weremeen 40 ik 10 f0E
Shin Kea - . 7 at 5.0 feat
Staten IPe— XA 0] T
Sutter 20% at 5.2 feet —--omeen s revememennnane 3 AL 18 femt
isiminous - w emeeammeene sverrnr--d 8t 7 1) feead
Iwitsheli 0% at 10 feet - B LS & at 10 feat
S Tyler : . 2 at 10 feet
& Unign 80% ot 5 5 oot w3 21 6.4 foot
_ Upper Oryeend . 3 a 16 fest
13 Van Gicklg —-emesermmeenie . 4 8t 6.5 feot
3' (VTS — [PRUORINRENSIRIIS - 3 LY | B0 I 2T - 1 at 12 feat
Victoria 21% at 8.7 faet 3at7.0 feet
2 Webb caner ~-34% at 4.8 foet - -4 at 32 faet
B Wandward 14% at 6.4 fest-— 3at 7.0 feet
oy Wiight-Rimwood ‘ 23110 feet
i
%.r
o
L :
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CONCLUSIONS earthquake-induced lquefactjon in the Delta 1s 4lso high.

The Sacramento-8San Joaquin Delta remains California’s
mast important water sesource. Levess in the Delta hold
back saft water from San Francisco Bay and protect the
Delta’s water qualily. Several faults capable of large
sadhquakes pass throngh or near the Delta. Recently,
carthquakes of only moderate sizenpth and on distant (aults
have domaged Delta levees. An analysis of nearly all of the
Delta’s levee systema revealed a high susceptibility to
widespread carthquake induced liquefaction from a major
eaithiyuake, Decause the probability for major earthquakes
inthe Bay region is known to be high, the potential for

Therefore, the seismic risk to the Delta levee system and the
freshwater resource it protects appears to be high. Without
future mitigation, this risk will increase with continued Dejig
sithsidence and global sea level rise.
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